The rhizobial bacteria can be readily grown on a variety of media containing complex nutrient extracts of microbial, mineral, or plant origin, but growth on nonsupplemented carbohydrate-inorganic salts media is poor for most species. Only a minor part of the extensive research devoted to Rhizobium has dealt with the minimum requirements for cultural growth (Wilson, 1940 ; Wilson and Wilson, 1942 ; Allen and Allen, 1950) . Establishment of minimal media is prerequisite to the isolation of nutritional mutants, potentially useful in the study of the biochemical basis of nodulation (infectiveness) and nitrogen fixation (effectiveness). Besides establishing a need for media adapted to specific cultural experiments, the induction of such cultural marker characters requires periodic testing of variants for retention of infectiveness and effectiveness. This paper gives a brief description of the defined media and modified nodulation testing techniques de- As anticipated on the basis of earlier reports (Wilson, 1940; Wilson and Wilson, 1942) of vitamin responses in the rhizobia, sufficient growth enhancement was obtained from vitamin addition to make the practical use of a vitamin-supplemented GS medium feasible as a minimal medium, although the level of growth is still well below that of the "complete" glucose saltsyeast extract (GS-Y) or glucose salts-yeast extractcasein acid hydrolyzate (GS-YC) media. It is necessary, however, to determine the specific supplements for each culture to be used in biochemical mutation work, so that a given vitamin-supplemented medium will be "minimal" only with respect to cultures responding to the particular supplement. Of the 4 cultures (see table 2) evaluated in this study, R. leguminosarum L41 responded to biotin (0.05 ,ug per ml) plus calcium pantothenate (0.2 ,g per ml); R. phaseoli P42 and R. meliloti M4 responded to thiamine (0.2 ,ug per ml) plus calcium pantothenate; and R. trifolii T311 was stimulated by either combination. In each instance, biotin or thiamine alone produced the major single-vitamin effect, but a further complementary effect, equivalent to the stimulation of the complete vitamin mixture (10 vitamins), resulted from the addition of the pantothenate. The minimal media thus permit screening for induced deficiencies for all but two of the vitamins, as well as for amino acids. None of the above media supported good growth of a culture of R. japonicum, generally recognized as a "slow-growing" species.
It should be noted that the same trace element mixture is used for both the bacterial media and the plant nutrient solution. No precipitation or pH adjustment problems were encountered in any of the media at the inorganic levels given in table 1. A lower glucose content in the G,S-Y medium is used for reasons of reducing glucose inactivation of streptomycin in antibiotic experiments (unpublished) and decreasing gum formation in bacteriophage experiments.
Attempts to induce biochemical mutants. No nutritionally deficient mutants were found in preliminary experiments in which X-rays were used as the mutagen and three methods of mutant enrichment (Davis, 1949; Adelberg and Myers, 1953; Lubin, 1959) were employed for screening purposes. The major emphasis in these experiments was on manipulation of variables in the enrichment procedures to give more effective elimination of wild type cells. In the penicillin methods of E. A. SCHWINGHANIER enrichment the relatively high penicillin tolerance of the rhizobia necessitates the use of high doses (concentration and time) of the antibiotic to give a significant bactericidal effect rather than mere bacteriostasis. Since only about 900 randomly selected (replica plating not used) colonies from "enriched" populations were directly tested for inability to grow on minimal media, it is premature to speculate whether Rhizobium may be uniquely more refractory to biochemical mutation than many other bacterial species. Further attempts to induce biochemical mutants have been deferred in favor of antibiotics resistance and phage resistance as marker characters.
Technique for nodulation and nitrogen fixation tests. The procedure outlined in figure 1 and illustrated in figure 2 is a modification of widely used methods in which small seedlings (e.g., alfalfa, clover) are grown on agar in test tubes, and large-seedling plants (e.g., beans, peas) are grown on a sterile sand culture in glazed jars (Erdman and Burton, 1938; Allen, 1951) . The method of figure lB fulfills the requirement for replicated single-plant tests (seedborne or airborne contamination, when present, confined to a single plant) and is designed primarily to grow the bulky shoot of the large-seedling plants outside the container while confining only the roots to a small, closed system which is relatively simple to prepare, inoculate, and maintain. Confinement of the root system (kept at the optimum nutrient solution level) to the small volume does not seriously limit normal development of the plants through the stage of growth when observations on nitrogen fixation efficiency can be made. As far as simplicity of method and economy of space is concerned, the extensible-tube method ( figure 1A) SUMMARY A defined inorganic medium, developed for nutritional studies with the rhizobial bacteria, supported only a low level of growth of these bacteria. Combiniations of two or more vitamins stimulated growth sufficiently to permit use of the vitamin-supplemented medium as a minimal medium for cultures responding to a particular vitamin combination, although in no case was growth comparable to that obtained on the yeast extract medium. Amino acids tested were not stimulatory. No biochemical mutants were isolated in preliminary experiments involving X-rays as a mutagen.
A plant nutrient solution, with the same trace element composition as the bacterial media, was formulated for plant nodulation tests. Modified methods of culturing plants are described as used for routine testing of bacterial strains for nodulation and nitrogen fixing ability.
